SEMICONDUCTOR INTEGRATED CIRCUIT 



CROSS REFERENCE TO RELATED APPLICATION 
This application is based on Japanese Patent 
5 Application No. 2002-306018 filed on October 21 , 2002, the 
contents of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION: 

10 The present invention relates to a semiconductor 

integrated circuit that has a plurality of chips on a lead 
frame . 

2. DESCRIPTION OF RELATED ARTs 

15 In a metal oxide semiconductor field effect transistor 

(MOSFET), there are a P-channel MOSFET and a N-channel MOSFET. 
The N-channel MOSFET has a low ON-resistance in comparison 
with the P-channel MOSFET. Accordingly, the N-channel MOSFET 
is used for a particular use that requires flowing a large 

2 0 electrical current, such as for driving a motor. JP-A-2000- 
307397 discloses a high-side switch that uses the N-channel 
MOSFET. 

As shown in FIGS. 8, 9, an integrated circuit (IC) 1 
for driving a motor has lead wires 2, 3 for connecting to a 
2 5 power supply, a lead wire 4 for inputting a control signal, 
and lead wires 5, 6 for connecting to the motor. The IC 1 also 
has a N-channel MOSFET 7, a diode 8, a driving IC 9, and 
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capacitors 10, 11, 12, 13 on a lead frame. A drain and a 
source of the N-channel MOSFET 7 are connected between the 
lead wires 2, 5. A cathode and an anode of the diode 8 are 
connected between the lead wires 5, 6. The diode 8 is a fast 
5 recovery diode. The driving IC 9 produces a PWM driving signal 
for a gate of the MOSFET 7 based on the control signal. 

The undersurface side of the MOSFET 7 is the drain, 
and the undersurface side of the diode 8 is the cathode. 
Accordingly, the MOSFET 7 and the diode 8 cannot be mounted on 
10 a single island due to a difference between their electrical 
potentials. As a result, the MOSFET 7, the diode 8, and the 
driving dfc 9 are mounted on separate islands 14, 15, 16, 
respective.^. 

When electrical currents flow through the MOSFET 7 and 
15 the diode 8, the MOSFET 7 and the diode 8 generate heat. The 
amounts of the heat from the MOSFET 7 and the diode 8 vary 
according to a specification of the motor and a duty ratio of 
the PWM driving signal. Accordingly, it is necessary to have 
adequate sizes of the islands and the lead wires so that the 
20 heat generated from the MOSFET 7 and the diode 8 can be 
radiated from the islands 14, 15 via inner lead wires and 
outer lead wires. As a result, it is difficult to reduce a 
package 17 of the IC 1 in size. 

In such an IC 1, even when non-chip-mounted surfaces 
25 of the islands 14, 15 are exposed from the undersurface of the 
package 17 and a cooling plate is mounted to the surfaces of 
the islands 14, 15, it is necessary to have an insulating 



9 

sheet between the islands 14, 15 and the cooling plate because 
the islands 14, 15 have complicated structures and it is 
difficult to isolate the islands 14, 15. As a result, thermal 
resistances are increased, and cooling capabilities are 
5 decreased. 

SUMMARY OF THE INVENTION 
The present invention therefore has an object to 
provide a semiconductor integrated circuit that are downsized 
10 and has enough cooling capability. 

According to one aspect of the present invention, a 
semiconductor integrated circuit includes a transistor and a 
diode that are mounted on a single island of a lead frame. 

In detail, a source or an emitter of the transistor is 
15 connected to a first lead wire for a high electric potential 
side of a power supply. A drain or a collector of the 
transistor is connected to a second lead wire for a high 
electric potential side of an external load. A cathode of the 
diode is connected to the second lead wire. An anode of the 
2 0 diode is connected to a third lead wire for a low electric 
potential side of the external load. Accordingly, the 
transistor and the diode are included in a high-side switch, 
so that the drain or the collector of the transistor and the 
cathode of the diode have a common electrical potential. 
2 5 As a result, the transistor and the diode can be 

mounted on the single island of the lead frame so that the 
drain or the collector of the transistor and the cathode of 
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the diode are connected to the single island and are connected 
to each other. 

When the transistor and the diode are mounted on the 
single island, heat radiation efficiency is improved in 
comparison with the related art in which the transistor and 
the diode are mounted on separate islands. This is because the 
island and the lead wires, which contribute to the heat 
radiation from the transistor and the diode, are effectively 
increased in s ize . As a result , the is land can be reduced in 
size as a whole, and the package is reduced in size. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages 
of the present invention will become more apparent from the 
following detailed description made with reference to the 
accompanying drawings . In the drawings : 

FIG. 1 is a top view showing an IC in a condition that 
chips are mounted on a lead frame according to a first 
embodiment of the present invention; 

FIG. 2 is a side view showing the IC when viewed from 
an arrow direction II in FIG. 1; 

FIG. 3 is a bottom view showing the IC sealed by resin 
according to the first embodiment; 

FIG. 4 is a side view showing the IC in a condition 
that a cooling plate is mounted according to the first 
embodiment; 

FIG. 5 is a circuit diagram showing circuit components 



of the IC according to the first embodiment; 

FIG. 6 is a sectional view showing an IC according to 
a second embodiment of the present invention; 

FIG. 7 is a sectional view showing an IC according to 
5 a third embodiment of the present invention; 

FIG. 8 is a top view showing an IC in a condition that 
chips are mounted according to a related art; and 

FIG. 9 is a circuit diagram showing circuit components 
of the IC according to the related art. 

10 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
The preferred embodiments of the present invention 
will be explained with reference to the accompanying drawings. 
In the drawing, the same numerals are used for the same 
15 components and devices. 

[First embodiment] 

As shown in FIG. 1, a semiconductor integrated circuit 
(IC) 21 has a MOSFET 31 and a diode 32 on a first island 38. 
The IC 21 has a driving integrated circuit (IC) 33 on a second 

20 island 39. The IC 21 also has lead wires 23, 26, 27, 28, 29. 

As shown in FIG. 5, the IC 21 is used for driving a 
motor 22 that is mounted on a vehicle. In the IC 21, the lead 
wire 23 for a high electric potential side of a power supply 
is connected to a positive electrode of a battery 25 via a 

25 fuse 24. The lead wire 26 for a low electric potential side of 
the power supply is connected to a negative electrode of the 
battery 25. The lead wire 27 for inputting a control signal is 
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connected to an output terminal of an electrical control unit 
(ECU) 30. The ECU 30 outputs a control signal from the output 
terminal to the lead wire 27. The lead wire 28 for a high 
electric potential side of an output is connected to a 
5 positive terminal of the motor 22. The lead wire 29 for a low 
electric potential side of the output is connected to a 
negative terminal of the motor 22. The lead wires 26, 29 are 
connected to each other within the IC 21. 

The IC 21 also has the MOSFET 31, the diode 32, the 

10 driving IC 33, and capacitors 34, 35, 36. The MOSFET 31 is a 
bare chip of a P-channel type MOSFET, which is a kind of 
transistors. The diode 32 is a bare chip of a fast recovery 
diode, and it circulates an electrical current. The driving IC 
33 is a bare chip of an IC, and it produces a driving signal 

15 for a gate 31C of the MOSFET 31 based on the control signal. 

The capacitors 34, 35, 36 are chip types of capacitors, and 
are filters for eliminating noises of signals. Since the P- 
channel type MOSFET 31 is used in the IC 21, it is not 
necessary for the IC 21 to have a charge pump circuit and a 

20 capacitor for the charge pump circuit. 

A source 31A and a drain 3 IB of the MOSFET 31 are 
connected to the lead wires 23, 28, respectively. A cathode 
32A and an anode 32B of the diode 32 are connected to the lead 
wires 28, 29, respectively. The driving IC 33 has a first pad 

25 33A for a high electric potential side of the power supply, a 
second pad 33B for a low electric potential side of the power 
supply, a third pad 33C for inputting the control signal, a 



fourth pad 33D for inputting a voltage detection signal, and a 
fifth pad 33E for outputting the driving signal. The first 
through fifth pads 33A to 33E are connected to lead wires 23, 
26, 27, 28, and the gate 31C of the MOSFET 31, respectively. 
5 The capacitor 34 is connected between the lead wires 27, 26. 
The capacitor 35 is connected between the gate 31C of the 
MOSFET 31 and the lead wire 26. The capacitor 3 6 is connected 
between the lead wires 28, 29. 

FIG. 1 is a top view showing a lead frame 37 in a 

10 condition that the chips are mounted and wire bonding is 
executed in assembling processes. FIG. 2 is a side view when 
viewed from an arrow direction II in FIG. 1. Two-dot chain 
lines 4 0 shown in FIGS. 1, 2 show an outer shape of a package 
of the IC 21 after a sealing process by a resin. FIG. 3 is a 

15 bottom view showing the lead frame 37 in a condition that the 
lead frame 3 7 is sealed by resin with a sealing process. FIG. 
4 is a side view in a condition that a cooling plate 41 is 
mounted to the package of the IC 21. 

A first island 38, which is depressed, is formed at a 

20 center portion of the lead frame 37. The MOSFET 31 and the 
diode 32 are mounted on an upper surface of the first island 
38. The undersurface of the MOSFET 31 is the drain 3 IB of the 
MOSFET 31, and the undersurface of the diode 32 is the cathode 
32A of the diode 32. That is, the drain 3 IB of the MOSFET 31 

25 is connected to the first island 38, and the cathode 32A of 
the diode 32 is also connected to the first island 38. As 
shown in FIG. 1, the first island 38 has a cut-away portion at 



its lower left portion. A second island 39 is formed adjacent 
to the cut-away portion of the first island 38. The driving IC 
33 is mounted on an upper surface of the second island 39. The 
lead wire 28 is extended from the first island 38. The lead 
5 wires 26, 29 are extended from the second island 39 to 
opposite directions with each other. A plurality of aluminum 
wires are used for connecting between the source 31A of the 
MOSFET 31 and the lead wire 23, and between the anode 32B of 
the diode 32 and the lead wire 29 by wire bonding because the 
10 electrical current of the motor 32 flow through the connecting 
portions . 

As shown in FIG. 3, the undersurface (non-chip-mounted 
surface) of the first island 3 8 is exposed from the 
undersurface (bottom surface) of the package 40 so that the 
15 undersurface of the first island 3 8 is flush with the 
undersurface of the package 40. The cooling plate 41 is 
mounted to the package 40 and the first island 38 as shown in 
FIG. 4. 

Next, the function and the result of the first 
20 embodiment will be explained. 

When the IC 21 receives the control signal from the 
ECU 30, the driving IC 33 in the IC 21 produces a PWM driving 
signal based on the control signal, and outputs the PWM 
driving signal to the gate 31C of the MOSFET 31. When the PWM 
25 driving signal is less than a threshold voltage of the MOSFET 
31, the MOSFET 31 is turned on, and then electrical current 
from the MOSFET 31 flows through the motor 22 via the lead 



wire 28. Then, when the. PWM driving signal is not less than 
the threshold voltage, the MOSFET 31 is turned off, and then 
the electrical current flowing through the motor 22 flows back 
to the diode 32. As a result, voltages in accordance with a 
5 duty ratio of the PWM driving signal are effectively applied 
to the motor 22. 

When electrical currents flows through the MOSFET 31 
and the diode 32, heat losses occur and temperatures of the 
chips, which are the MOSFET 31 and the diode 32, rise. When 

10 the electrical current (electrical current for the motor) 
outputted from the IC 21 increases, the heat loss (drain loss) 
of the MOSFET 31 increases. The heat loss of the diode 32 
varies according to the electrical current outputted from the 
IC 21 and the duty ratio of the PWM driving signal. 

15 In the first embodiment, the MOSFET 31 and the diode 

32 are included in a high-side switch, so that the drain 3 IB 
of the MOSFET 31 and the cathode 32A of the diode 32 have a 
common electrical potential. In addition, since the 

undersurface of the MOSFET 31 and the diode 32 are the drain 

20 31B and the cathode 32A, respectively, both of the chips, 
which are the MOSFET 31 and the diode 32, can be mounted on 
the single island 38. 

When the MOSFET 31 and the diode 32 are mounted on the 
single island 38, heat radiation efficiency is improved in 

25 comparison with the related art in which the MOSFET 31 and the 
diode 32 are mounted on separate islands as shown in FIG. 8. 
This is because the island and the lead wires are effectively 



increased in size. The island and the lead wires contribute to 
the heat radiation from the MOSFET 31 and the diode 32. As a 
result, the island can be reduced in size as a whole, and the 
package 4 0 is reduced in size. 
5 The first island 3 8 is depressed and the non-chip- 

mounted surface of the first island 38 is exposed from the 
undersurface of the package 40, so that the heat radiation 
efficiency can be improved and can increase. The cooling plate 
41 is mounted to the undersurface of the package 40 and the 

10 depressed first island 38, so that the exposed surface of the 
first island 3 8 and the cooling plate 41 contact with each 
other. As a result, the heat radiation efficiency is further 
improved and increases. Therefore, the IC 21 can be operated 
under a high temperature environment, in which a vehicle 

15 mounted electrical device is used. 

[Second embodiment] 

In the second embodiment, an IC 42 shown in FIG. 6 has 
same circuit components shown in FIG. 5. The shape and the 
arrangement of the IC 42 are similar to FIG. 1 when viewed 

20 from above. However, a lead frame 43 of the second embodiment 
is different from the lead frame 37 of the first embodiment. 
The lead frame 37 of the first embodiment uses a material that 
has a uniform thickness. The lead frame 43 of the second 
embodiment uses different shape material, which has a special 

25 shape in cross section. The lead frame 43 has a thick portion 
43A along with the direction II shown in FIG. 1. The first 
island 38 and the second island 39 are disposed on the thick 



portion 43A of the lead frame 43. The upper surface (chip 
mounted surface) of the lead frame 43 has a flat surface. 

The undersurface (non-chip-mounted surface) of the 
thick portion 43A of the lead frame 43 is exposed so that the 
5 undersurface of the thick portion 43A is flush with the 
undersurface (bottom surface) of the package 44 sealed by the 
resin. In such a situation, because both of the first island 
38 and the second island 39, which have different electrical 
potential , are exposed from the package 44 , the cooling plate 

10 41 is mounted to the package 44 and the thick portion 43A via 
an insulation sheet. 

According to the second embodiment, the non-chip- 
mounted surface of the first island 38, on which the MOSFET 31 
and the diode 32 that generate heat are mounted, is exposed 

15 from the undersurface of the package 44. As a result, the heat 
radiation efficiency is improved and increases. In addition, 
when the cooling plate 41 is mounted to the undersurface of 
the package 44 and the thick portion 43A, although it is 
necessary to be mounted via the insulation sheet 45, the 

20 cooling plate 41 can directly cool the first island 38 that 
mounts the MOSFET 31 and the diode 32. Therefore, the IC 42 
can be operated under the high temperature environment, in 
which the vehicle mounted electrical device is used. 
[Third embodiment] 

25 In the third embodiment, an IC 46 shown in FIG. 7 has 

same circuit components shown in FIG. 5. The shape and the 
arrangement of the IC 46 are similar to FIG. 1 when viewed 
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from above. The IC 4 6 has a lead frame 47 that has same shape 
and same arrangement as the lead frame 37 of the first 
embodiment. A heat radiation element (plate member) 48 is 
integrally mounted to the undersurface of the first island 3 8 
5 of the lead frame 47 by a crushing process or a caulking 
process. The heat radiation element 48 has approximately a 
same shape as the first island 38, and is made of a certain 
material, such as a copper, that has high thermal conductivity. 

The undersurface (non-chip-mounted surface) of the 
10 heat radiation element 48 is exposed from the undersurface 
(bottom surface) of the package 44 so that the undersurface of 
the heat radiation element 48 is flush with the undersurface 
of the package 44. The cooling plate 41 is mounted to the 

i 

package 44 and the heat radiation element 48. 
15 According to the third embodiment, the first island 38 

; on which the MOSFET 31 and the diode 32 are mounted is 

integral with the heat radiation element 48, which has high 

! 

! thermal conductivity and is exposed from the undersurface of 

I the package 44. As a result, the heat radiation efficiency is 

20 improved and increases. In addition, when the cooling plate 41 
is mounted to the undersurface of the package 44 and the heat 
radiation element 48, the heat radiation efficiency of the 
first island 38 is further improved and increases. Therefore, 
the IC 46 can be operated under the high temperature 
2 5 environment, in which the vehicle mounted electrical device is 
used . 

The present invention should not be limited to the 
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embodiments discussed above and shown in the figures, but may 
be implemented in various ways without departing from the 
spirit of the invention. For example , a PNP bipolar transistor 
and a P-channel type IGBT can be used instead of the MOSFET 31. 
5 When the PNP bipolar transistor is used instead of the MOSFET 
31, an emitter electrode, a collector electrode, and a base 
electrode of the PNP bipolar transistor are connected to the 
lead wire 23, 28, and the fifth pad of the driving IC 33, 
respectively. The cooling plate 41 may be mounted, if 
10 necessary. 
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